Obiectivul acestui studiu este acela de a evalua rezultatele pacienţilor trataţi pentru hepatocarcinom (CHC) într-un centru de Chirurgie Generalã şi Transplant Hepatic. Material şi metode: Acest studiu retrospectiv include 844 pacienţi diagnosticaţi cu CHC şi trataţi chirurgical cu intenţie de radicalitate. Singurele metode de tratament curativ pentru CHC, la ora actualã sunt reprezentate de rezecţia hepaticã (RH) şi transplantul hepatic (TH). Ablaţia tumoralã poate fi indicatã în tratamentul CHC precoce, în cazurile la care rezecţia sau transplantul hepatic nu se pot efectua. La 518 pacienţi s-a practicat rezecţie hepaticã, 162 au beneficiat de transplant hepatic, iar 164 pacienţi au fost trataţi prin distrucţie cu radiofrecvenţã (RFA). 615 pacienţi (73%) au prezentat cirozã hepaticã. Rezultate: Morbiditatea şi mortalitatea înregistrate pentru întreg lotul de pacienţi au fost de 30% şi respectiv 4,3%. Supravieţuirea la 5 ani a fost de 39% cu diferenţe semnificative statistic între pacienţii la care s-a practicat RH comparativ cu cei transplantaţi şi Chirurgia (2017) 
Introduction
Hepatocellular carcinoma (HCC) is the most frequent primitive liver tumor. It is the 6 th most prevalent cancer in the world (1, 2) , with more than 700000 cases diagnosed yearly (2) . The second most common cause of cancer related death is liver cancer, accounting for 745,000 deaths/year, after lung cancer with 1.6 million deaths/year (3). Tumor incidence varies significantly, depending on geographical location. Asia and Saharan Africa constitute high-risk areas, exceeding 20 cases/ 100000 population, because of high incidence of hepatitis B virus (HBV) infection. Southern Europe and Japan have intermediate rates, and rates are low in North America and Northern Europe (3) . More than 80% of HCC patients present with liver cirrhosis. Less than 20% of these patients present with resectable tumors either because tumor related factors (such as local extension of the tumor, multicentric HCC), or because of the advanced liver disease (4) , which affects liver function. Actual treatment of HCC is represented by curative treatment (LR, LT and RFA), local control or bridging therapy that includes RFA, TACE and in some cases LR (before LT), and palliation therapy consisting of targeted therapy, chemotherapy and radiotherapy (5) . HCC is an aggressive tumor, therefore the treatment should also be aggressive and sometimes patients need bridging therapy or adjuvant therapy in order to increase the efficacy of curative treatment. Currently there is no treatment approved for adjuvant therapy of the HCC. The use of Sorafenib, as adjuvant therapy in STORM trial did not significantly affect recurrence free survival or overall survival (6, 7) . Sorafenib is indicated only for advanced disease. In patients that did not respond to Sorafenib, the use of Regorafenib seems to be more efficient, therefore FDA approved it as a second line therapy of advanced HCC (8, 9) .
In this article, we discuss only about the roles of curative intent treatment therapy (LR, LT ) and RFA and the outcome resulted after performing these therapies, represented by mortality and morbidity rates, survival rates and disease free survival rates.
Patients and Methods
The targeted population included 844 consecutive HCC patients who underwent curative intent treatment (LT, LR and RFA) in our center between 2001 and 2016. HCC patients diagnosed with advanced forms of HCC, either preoperatively or postoperatively were excluded. We recorded demographic data of the population study including sex, age, etiology of the liver disease, presence and severity degree of cirrhosis using Child score and MELD score for transplanted patients. We also recorded tumor characteristics such as size, number, Milan criteria, Edmonson Steiner grading and tumor. There is no universally accepted staging system. Staging systems for treatment allocation must consider tumor extension and severity of underlying liver function impairment. The BCLC staging system for HCC is the most widely used in western countries, particularly for treatment allocation (10) . Patients were staged using BCLC system. BCLC stage B included patients without cirrhosis or with Child A or B cirrhosis with one lesion greater than 5 cm or 2-3 tumors (of which at least one was greater than 3 cm) in absence of vascular invasion or extrahepatic spread (11, 12) . The preoperative assessment of the tumor and liver function was performed. Patients were assessed performing usual liver function tests such as transaminase levels, cholestasis tests, protein and cholesterol levels, renal function tests and coagulation. Viral and tumoral markers were also recorded. Alpha-fetoprotein (AFP) determination was useful not only for orienting the diagnosis but also for postoperative follow-up of the recurrence. Colonoscopy and superior digestive endoscopy were performed routinely, in order to rule out a metastatic tumor. Imaging assessment of the tumor was performed using ultrasound examination (US), computed tomography (CT) and magnetic resonance imaging (MRI). Some patients with large tumors required liver volumetry in order to estimate future liver remnant (FLR). All patients received and signed an informed consent before surgery. The diagnosis of HCC was formulated after pathologic examination of the resected/ biopsied specimen.
Liver Resection
The aim of liver resection is to remove the entire portal landmark of tumoral liver, within oncological margin of minimum 1 cm and to preserve as much liver parenchyma as possible to avoid postoperative liver failure. Brisbane terminology was used for defining different types of liver resection (13) (14) (15) (16) (17) .
Liver resection is the treatment of choice in HCC patients with non-cirrhotic or normal liver, but only 15 % of HCC occur on noncirrhotic livers. Generally patients present with a single large tumor >10 cm (18, 19) . The size is bigger than in cirrhotic liver because of both delayed diagnosis and also of different mechanisms of hepatocarcinogenesis (18) . In HCC occurred on non-cirrhotic or normal liver, FLR should be over 25%-30%, in order to perform a safe liver resection.
For cirrhotic patients, liver resection is indicated in compensated cases (Child A cirrhosis and rarely in Child B). In cirrhotic patients, tumors are detected earlier due to regular screening resulting in diagnosing smaller tumors. A residual volume of at least 40 % must remain, in order to avoid postoperative liver failure (20) .
For carefully selected patients, presented with large tumors considered unresectable at diagnosis, a two-stage surgical approach, often using hypertrophy following portal vein embolization (PVE), can provide a curative option (21) . The first step of surgical approach is embolization of portal vein that nurture the tumoral liver, resulting atrophy of the tumoral liver and redirecting of portal flow to the FLR, resulting in hypertrophy of the non-tumoral liver. This is indicated for patients with normal liver or with mild cirrhosis. In the second stage, if the FLR is enough to prevent postoperative liver failure, the patient can undergo a safer liver resection.
Minimally Invasive Liver Resection
This type of surgery must follow entirely the principles of classic liver resection When feasible, it has the potential to overcome the burden of open surgery, and consequently to improve early outcomes. The advantages are represented by: small incisions, lesser physiological stress, decreased need for blood transfusion and lower hospital stay without affecting oncologic outcome (22) . Some of the disadvantages of the laparoscopic surgery are limited degrees of freedom for manipulation, fulcrum effect against the port, tremor amplification, awkward ergonomics, and two-dimensional imaging adaptation (23) . Robotic surgery overcome these disadvantages of laparoscopic surgery and keeps the advantages of laparoscopy. It allows surgeons to be in a seated position and offers three-dimensional imaging, and more range of motion.
Although minimally invasive surgery is indicated in small tumors, in experienced hands major liver resection are possible. Daniel Cherqui published first series of major liver resection in 2000 (24) . A review on robotic liver surgery revealed that major hepatectomies such as right hepatectomy were performed only in specialized centers; 33 out of 51 right liver resections were performed by Giulianotti and his team (25) (26) (27) .
Liver Transplantation
In patients with small HCC, liver transplantation offers a disease-free survival that is better than after liver resection, and similar to the survival of liver transplantation for benign liver disease (28) . The target of liver transplantation is aimed not only to remove the tumor burden but also to entirely remove the diseased, cirrhotic liver, and change it with a normal/functional liver. The criteria for deciding if a patient is eligible for LT are very heterogeneous. However, Milan criteria (MC) remain the most frequently used for patient selection (2) . LT was performed using whole graft livers (from cadaveric donor or from living donor in case of domino technique), and partial livers (living donor LT or split liver transplantation in case of cadaveric donors) (17, (29) (30) (31) . In order to expand the donor pool marginal donors could be accepted with good results. The use of marginal donors may be related with an increasing incidence of primary non function, but on long run these organs can led to an outcome similar to the one resulted after transplantation with optimal grafts (32, 33) . Hypothermic oxygenated machine perfusion can be used for improving marginal grafts, before being transplanted (32) .
Ablative Therapy
Ablative therapy can be divided into chemical ablation and energy-based ablation. The representative chemical ablation uses ethanol injection. Energy-based ablation includes RFA, microwave ablation, cryoablation, and irreversible electroporation. For the present time, RFA is the preferred method of ablation, using hyperthermia to destroy tumoral tissue (34, 35) . Cryoablation uses hypothermia for inducing tumoral necrosis. The future may be represented by electroporation because this procedure is safer than the above mentioned, as it induces apoptosis of the tumoral cells, without damaging vascular elements of the liver parenchyma and theoretically leads to lower morbidity and better results (36, 37) .
Some authors suggest that RFA is a curative treatment for HCCs under 3 cm with 4 years survival rate over 65% (38, 39) .
RFA was performed in an operating room, under general anesthesia using percutaneous, laparoscopic, or open surgical techniques. For percutaneous or laparoscopic approach of tumors located in difficult position (segment VIII), we performed also a hydrothorax or pneumothorax in order to facilitate the placement of the RFA needle. The Cool-tip™ RF ablation system was used for RFA ablation (17, 35) .
Bridging Therapy
According to Kim, transarterial chemoembolization (TACE), RFA and LR, can be considered as treatment methods used for local control and bridge to transplantation.
TACE is a heterogeneous treatment with delivery of different drugs (doxorubicin, cisplatin, epirubicin, mitoxantrone, mitomycin) with different embolizing agents (gelatine sponge particles, polyvinyl alcohol particles, starch microspheres, embospheres, etc.) with or without lipiodol which together form a medium that traps and concentrates the agents within the tumor (5) . A new local therapy that emerged from TACE is doxorubicin-eluting beads TACE (DC beads) in which embolization particles are loaded with Doxorubicin that are gradually released and lead to lumen occlusion and ischemia. This procedure resulted in decreased side effects and increased response.
RFA could be used as local control of the HCC patients waiting for LT. LR could be used as first line of therapy before LT in patients in whom pathologic examination reveals an aggressive tumor.
For statistical analysis we used MannWhitney U to compare quantitative variables. A p value below 0.05 was considered to be statistically significant. Morbidity rate represented any complication occurred during hospital stay or within 30 postoperative days (POD).
Any death that occurred during hospitalization or within 30 POD was recorded and reported as mortality rate. Chi-square test or Fischer exact test were used to compare the mortality and morbidity rates between the LR, LT and RFA group of patients. Also a p value below 0.05 was considered to be statistically significant. Population study group was followed until occurrence of death or in cases of survivor, until January 2017 (the end of observation). Follow up after curative treatment consisted of monitoring AFP levels and US exam at 1, 3 and 6 months post operatory and after that, they were screened every 6 months. In addition, CT scan or MRI was performed yearly after that.
The survival rate was defined as the interval between curative treatment applied and the end of observation or patient decease. Patients that were included for calculating mortality rate were excluded.
Disease free survival rates was defined as the interval between curative treatment and detection of HCC recurrence or the end of observation time in patients in whom the disease didn't recur. 1, 3 and 5-year survival, median survival and disease free survival were calculated with Kaplan-Meyer test.
The survival rates between different groups of patients were compared with Log-rank test. When the p-value was lower than 0.05, the difference was considered statistically significant.
Results
The clinical characteristics of the 844 patients treated for HCC are summarized in Table 1 . The majority of study population was male (71%) and the mean age was 59 (ranging from 8 to 83). We divided the patients in three groups according to the type of treatment (LR group, LT group and RFA group). LR patients were significantly younger than LT or ablated patients (p<0.005). Underlying liver disease was mainly cause by HCV infection followed by HBV infection. For LT patients the main cause of cirrhosis was HBV or HBV+HDV infection. Cirrhosis was present in 615 (73%) of patients. Only 57% of LR patients presented cirrhosis, while for the transplanted or ablated groups, cirrhosis was present in over 95% of patients. As many authors claim, LR is the treatment of choice for patients with HCC on normal or non-cirrhotic liver or for patients with Child A cirrhosis. In our study, 86 % of all 297 cirrhotic resected patients presented Child A cirrhosis.
For advanced stages of cirrhosis (Child B and few cases of Child C) liver transplantation was the treatment of choice.
According to BCLC classification the majority of LT and RFA patients were in stage A, while for LR group most patients were in stage A or B. Although the guidelines EASLD (European Association for the study of Liver Disease), and AASLD (American Association for the study of Liver Disease)(10,40) do not recommend LR for stage B/C, many authors proposed that LR can be safely performed in these patients (41) (42) (43) (44) .
MELD score was used for listing the patients for LT and calculated only for patients that underwent LT. Median MELD score was 13 ranging from 6 to 38.
Median AFP level for the entire study group was 20 ng/ml (SD±3590), ranging from 1 ng/ml to 60940 ng/ml.
In 52 patients diagnosed before LT, with HCC and afterwards underwent bridging therapy for LT, the histology report of the transplanted liver didn't confirm the HCC. This situation could explain the efficacy of bridging therapy for these patients, offering the same outcome as for patients transplanted for non-malignant disease.
Operative Procedures
Liver resection was performed in an anatomical fashion in 149 (29%) of LR group of patients and in the remaining 369 (71%), LR were non anatomical. The various types of LR were presented in Table 2 .
Minimally invasive LR was performed in 22 patients from whom 15 underwent laparoscopic LR and 7 robotic LR. In 4 patients we performed right portal vein ligation before hepatectomy. 23 patients with recurrent disease required an iterative LR. Liver transplantation was the type of curative treatment used for 162 patients. Whole graft LT was performed in 134 patients and 28 patients received living donor LT with right lobe and one pediatric patient recived segment II and III harvested from the mother. One transplant was domino and one split. Milan criteria were fulfilled by 110 patients (74%). Bridging therapy in waiting for LT was performed in 78 patients. TACE was used in 56 patients, 10 were ablated with RFA and in 9 patients LT was performed after a previous hepatectomy for HCC.
RFA was used to treat 164 HCC patients. The approach was percutaneous in 20 patients, in 128 patients laparotomy was performed and laparoscopic RFA was performed in 16 patients. 79 patients (48%) presented with tumors of maximum 3 cm in diameter. Complete ablation was registered in 68 patients (41%).
Morbidity rate was 55% in LT group. The majority of complications were represented by abdominal collections, hemorrhagic events, arterial and portal complications, biliary complications, immunosuppression neurotoxicity and acute rejection.
Mortality rate for LT group was 8% (13 out of 164 transplanted patients). The main cause of death among transplanted patients was sepsis in 11 cases, and primary non function in 2 cases.
When referring to liver resection, morbidity rate was 24%. The majority of complications were represented by abdominal collections, biliary complications, liver failure hemorrhagic events, pulmonary complications Mortality rate in case of LR was 3,8% (20 out of 518 resected patients). The main cause of death among LR group was liver failure in 13 patients, pulmonary complications in 3 cases, 2 cases of sepsis and pancreatitis and coronary event in one case each.
Morbidity rate in RFA group was 12%. The main complications were liver abscess, ascites, hemorrhagic events and pulmonary complications.
In RFA group, mortality rate was 1,2 % (2 out of 164 patients). One patient died from a complicated liver abscess and the other from a superior digestive hemorrhage.
Survival rates for the entire study group at 1,3 and 5 years were 81%, 56% and 39% respectively (Fig. 1) . For transplanted group, LR group and RFA group of patients 1,3 and 5 years survival rates are presented in Table 3 . Best survival rates were registered among transplanted patients, followed by resected patients. The differences between each of the three groups of patients were statistically significant (P<0.0001) (Fig. 2) .
In the LR group survival rates were statistically significant, better for non cirrhotic patients (P<0.05). 1,3 and 5 years survival rates for non cirrhotic patients were 82%, 57% and 41% respectively and for cirrhotic patients the survival rates were 77%, 53% and 34% (Fig. 3) In RFA group, survival rates were statistically significant better for patients with tumors of maximum 3 cm when compared with patients in whom RFA ablation was performed for HCCs larger than 3 cm, with median survival of 56 months and 29 months respectively (P<0.005) (Fig. 4) 1,3,5 years survival rates for patients with tumors of maximum 3 cm treated with RFA were 84%, 57% and 43 % almost identical with survival rates calculated for LR group. Disease free survival at 1,3 and 5 years were for LT group was 83%, 75% and 73% respectively (Fig. 5) . For resection and RFA group we don't have enough data to calculate disease free survival proportions.
Discussion
The different treatment option for HCC patients must be tailored to each patient according to patient status, liver function evaluation and tumor characteristics.
Curative treatment is the main goal, of HCC treatment, but only few patients (10-15%) with HCC are fit for this kind of treatment at diagnosis (4, 45) , therefore persistent screening of "at risk" patients is mandatory for early diagnosis.
As previously discussed, HCC occur mainly in cirrhotic patients and similarly, in our study 73% of patients presented liver cirrhosis. The main cause of cirrhosis was represented by HCV followed by HBV infection, similar to Western model and different from the Asiatic model where HBV infection is the main cause of HCC on cirrhosis (46) .
The choice of treatment for HCC depends mainly on the extent of disease therefore LR should be the first option for non-cirrhotic patients or patients presenting mild cirrhosis (Child A), while LT should be the first option for patients with decompensated cirrhosis (Child-Pugh C) (47, 48) . According to Barcelona Clinic Liver Cancer (BCLC) staging and treatment allocation for HCC, RFA is considered as a curative method for early HCC. Nowadays, BCLC staging system is frequently applied in Western guidelines. Although BCLC is accepted in western countries, many Asian-pacific experts do not fully agree with its principle because has very strict guidelines for treatments and only early and very early stage of HCC are fitted for curative treatments (BCLC stage 0 and A) (10, 49, 50) . However, in our study patients that received curative treatment were situated mainly in BCLC A and B classes. For more advanced BCLC (C and D) stages only 83 (1%) patients out of 844 received curative intent treatments.
According to Kinoshita, currently there is no globally accepted system for assessing HCC patients and the clinician involved in HCC treatment should use currently available staging systems while understanding their features and limitation (51) .
The choice of liver resection type should be based on preserving as much liver parenchyma as possible and respecting the oncologic principles (at least 1 cm of tumor free margin).
Although anatomic liver resection is theoretically superior to non-anatomic, from the oncologic and anatomic aspects, some authors suggest that the type of resection (anatomic vs non-anatomic) doesn't affect the survival or the risk of recurrence (52, 53) .
In this study, 71% of liver resection were non anatomical. The vast majority of anatomic resection was performed on non-cirrhotic patients. Preserved liver function of the non-cirrhotic patients permits, anatomical, wide resection, without significant mortality and morbidity (18, 54) . Morbidity among non cirrhotic LR patients was 25%, bigger that the morbidity registered in cirrhotic patients (23 % morbidity rate). This fact could be possible because the rate of major hepatectomy was significantly higher than in cirrhotic group (38% vs 7% respectively). Although morbidity was higher in non-cirrhotic resected patients, mortality was 2,7%, lower than that registered among cirrhotic patients, and this fact could explain that a cirrhotic patient present an additional mortality risk factor represented by the liver disease.
Despite of the fact that some authors described poor outcome after liver resection for HCC on normal liver, others claimed that LRs performed to these patients could result in better overall survival and disease-free survival than in cirrhotic patients with HCC (54, 55) . Our group of LR patients confirms these claiming as survival rates registered for non cirrhotic patients were significantly better than those achieved after LR on cirrhotic patients (p-0.038) (Fig. 3) .
Surgical resection offered as first line of therapy could be followed by liver transplantation in two possible settings. In the first scenario, LT is performed in patients in whom HCC recurred after liver resection and this is called salvage transplantation. The second possibility refers to rescue transplantation, when transplantation is performed for patients in whom resected specimen reveals an aggressive tumor with high risk of recurrence, even when HCC didn't recur (22) . In our study a total of 9 patients benefited from LT after a LR performed as first line of therapy.
Liver transplantation not only treats the tumor burden, but also removes the liver disease and theoretically prevent potentially liver failure associated with liver resection (22) . The major limitation of liver transplantation is shortage of organs that leads to increased waiting time on the list. Improved survival and lower rates of recurrence are achieved when Milan criteria are met. In our LT group of patients 110 patients (74%) fulfilled MC. Some authors reported LT beyond MC with similar good results (1-year and 5-year survival rates of 90% and 75%, respectively), but the further the distance over MC, the higher is the price traduced in survival rates (56) . The major benefit of LT compared to LR is the lower recurrence rate (22) . Similarly to Yao observation, in our study survival rates were significantly better for patients transplanted within MC than those transplanted outside MC (P<0.05)- (Fig. 6) . Although LT offers lower recurrence rate, morbidity and mortality rates could exceed those resulted after LR. In our study morbidity was 55% and mortality 8% versus 24% morbidity and 3,8% mortality.
In order to freeze tumor progression or even to downstage malignancy, some procedures are available. This, so called, bridging therapies were presented previously. Similar survival rates were observed in patients transplanted with and without bridging therapy (P> 0.05) (Fig. 7) In early HCC, RFA is a desirable treatment option when resection or transplant is precluded or delayed (57) .
According to Kim, RFA is considered a therapy used for local control of HCC, but Chen demonstrated in a randomized control study, that percutaneous RFA give similar overall and disease-free survivals as surgical resection for patients with solitary and small HCC (5, 58) .
This procedure can be performed safely using percutaneous, laparoscopic or open operative approach. The benefits of percutaneous or laparoscopic approaches are those that they are less invasive than open procedure. However open procedure present the advantage of a better visualization of the tumor, possibility of performing Pringle maneuver that enhances the efficacy of RFA and it is easier for performing multiple applications.
The best results are achieved for tumors no larger than 3 cm, although some authors consider these methods viable for larger tumors (58, 59) . In our series survival rates were significantly better for patients with tumor diameter of maximum 3 cm (p<0.05) (Fig. 4) .
In our RFA group 79 (48%) patients presented HCCs of maximum 3 cm. The largest tumor size was 10 cm. Association between RFA and TACE increase survival and decreased recucrrence rate. TACE is the preferred single treatment procedure in downstaging protocols but association with RFA seems to downstage patients better than TACE alone (55) .
The goal of RFA should be complete necrosis of the tumor revealed during the procedure by using US examination and afterwards in CT scan. Complete necrosis was achieved in 68 patients (41%). This procedure is not an anodyne one, literature data suggests morbidty rates under 10% and mortality under 0.5% (59) . In our series morbidity was 12% and mortality rate was 1.2%.
Conclusion
In conclusion the treatment of HCC is complex and requires a multidisciplinary team. Surgery is the only curative option and should be performed whenever is possible. Liver resection is the treatment of choice for HCC occurred on non-cirrhotic liver, or on mild cirrhosis and can be considered as first line therapy before liver transplantation when recurrence occur or when histology report show high probability of HCC reccurence. Liver transplantation is the best treatment for early HCC and offers best oncologic response and treat the liver disease. RFA could be considered a curative treatment in early HCC cases, not manageable for resection or liver transplantation. When choosing the adequate treatment for HCC, one should take into consideration not only the tumor burden, but also the severity of underlying liver disease, patient performance status and available resources.
